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1881. +9 Trans, N. Y. Ac. Seg 
Dec. 5, 1881. 
REGULAR BUSINESS Masse, jun 21 1940 
The President, Dr. J. S. NEWBERRY, in the Chair. oS} 


Twenty six persons present. 
Dr. Newserry exhibited an ancient perforated stone axe fro 
Europe, consisting of dioryte, and remarked that the aboriginal 
tribes of America never attained to the degree of skill required in 
the perforation of stone implements for the insertion of wooden 


handles. 
The following paper was read by Dr. ALexis A. JULIEN. 


THE VOLCANIC TUFFS OF CHALLIS, IDAHO, AND OTHER WEST- 
ERN LOCALITIES. 
(Adstract). 

In a paper recently read before the Academy it was shown that a 
certain compact white almost structureless rock, often porcellanous in 
texture, occuring abundantly in the Western ‘Territories, and variously 
styled “trachyte,” “rhyolyte,” “porphyry,” etc., (e. g., at Leadville, 
Colorado, in the Black Hills of Dakota, etc.), is a sedimentary form of 
a highly silicious volcanic tuff, probably derived from the finest detritus 
of trachytes, rhyolytes, and quartz-porphyries. A series of specimens 
collected by Prof. NEWBERRY, during the last and previous summers, 
and kindly put in the author’s hands for lithological examination, has 
furnished the material for the following additional notes on this inter- a 
esting but neglected group of widespread American rocks. ere 

1. Coarse pumice-tuff of Challis, Idaho. : 

The rock is quite compact, schistose, of a gray color with dull white 
spots. The latter consist of pumice in finely fibrous grains, from 1 
to 5 mm. in length. Quartz and feldspar are seen in small angular 
flakes, sometimes reaching 0.5 mm. in length: hornblende commonly 
in fibrous black fragments, about 1 mm. in diameter: and much 
biotite, brownish-green, sometimes brownish-black, with greasy lustre, 
in hexagonal scales, often up to 2 to 3 mm. in size. 

The thin sections present under the microscope numerous grains, 
generally angular, of several minerals, varying in size up to 3 or 4 mm.: 
pumice in rounded to sub-angular fawn-colored fragments lying at all 
angles, commonly made up of straight or curved fibres, and often in- 
cluding glassy lenses filled with crystallites: a triclinic feldspar, in clear 
grains, sometimes including minute globules of glass, and possessing 
fine lamellation, beautifully striated in polarized light, the remaining 
traces of crystalline outlines indicating that these grains are all of frag- 
mentary, never of indigenous formation: quartz, in water-clear angular 
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grains, 0.2 to 1.6 mm. long, retaining more frequent and perfect traces 
of their crystalline forms, their sides being often very ragged, curiously 
and deeply eroded into rounded indentations, while within occur numer- 
ous inclusions of the ground-mass and of scales of biotite, long green- 
ish needles of hornblende, and sub-angular drops of a brownish-violet 
glass with one or several fixed bubbles of gas: biotite in abundant 
irregular scales, 0.2 to 1.3 mm. long, brown inclining to maroon or 
brownish-yellow, cloudy to opaque, with some dichroism remaining in 
the striated sections ; hornblende in brownish-green, strongly dichroic, 
fibrous crystalline flakes: opacite, probably magnetite, and ferrite or 
iron-oxide, in dusty particles or groups in the biotite scales and among 
the pumice fibres, The fine ground-mass is mainly composed of minute 
fragments, fibres, scales, etc., of all these minerals: also in large part 
of solid globules of fawn-colored glass, or of thin and apparently hol- 
low shells, or of fragments of quartz or feldspar coated with a glass 
crust. Many of these forms are found adhering in curious aggrega- 
tions or with their sides crushed in. 

The general constitution of this rock is similar to that of the volcanic 
tuff of the E] Dorado Caiion, Cal. 

2. Fine green volcanic tuff, of Challis, Idaho. 

A very fine compact rock, with almost the texture of stoneware, with 
a pale, greenish-gray color, and a very thin parallel lamination. A few 
minute scales of biotite can be distinguished by the loup. The surfaces 
of fissures are mottled and spotted with bluish-green and ochreous, 
brownish-gray films. 

The thin sections present the same constitution as that of the coarse 
variety of the rock, without the presence of pumice, the particles of 
quartz and feldspar varying in size from 0.06 to 0.25 mm. Biotite is 
abundant in scales 0.1 to 0.2 mm. in diameter, often of ochreous shades 
of brownish-yellow and maroon, through partial decomposition, and 
with curved fibres or wrinkles as if crushed in by pressure. To its 
abundance are due the fine lamination of the rock and, in part, its 
greenish color. The ground-mass largely consists of globules of color- 
less glass, but in less degree than in the preceding variety, their size 
varying from 0,006 to 0,01 mm. 

3. Fine white pumice-tuff, of Challis, Idaho. 

A very fine compact rock, grayish, with a bronze shade, with a lamin- 
ation so decided that it inclines to slaty. Under the loup the same 
constituents are visible as in No. 1. 

The thin sections show a close relationship to those of No. 2. A 
little hornblende is present. Biotite occurs in distinct scales, sometimes 
hexagonal, not so minutely dispersed as in No. 2, generally 0.01 to 0.1 
mm. in diameter. The fragments of quartz and feldspar, as a rule, 


a88r. 51 Trans. N. Y. Ac. 


present their longer axes in the schist-plane, varying from 0.03 to 
0.22 mm. in length. The glass inclusions in the quartz, range from 
0.002 to 0.037 mm. The ground-mass appears to be mainly composed 
of pumice, more or less altered, in very minute fibres and particles. 

This rock strongly resembles the tufa of the lignite beds near Osar- 
isawa, Akita, Japan. 

4. Pumice-tuff, Moore Station, Pancake Range, Moray, Nevada. 

This rock is decidedly schistose, cream-colored, nearly white, of a 
fine grain, intermediate between Nos. 1 and 2, most of the constituents 
being the same as in No. 1 and less than 0.5 mm. in diameter, though 
occasional grains of pumice, gray and red obsidian, and perfect crystals 
of quariz, may reach from 2 to 8 mm. in length. 

In the thin section the constituents are found disposed with great 
regularity : pumice, with its fibres often curved, as if crushed while still 
soft and plastic: quartz: triclinic feldspar, possibly sanidine : mag- 
netite: ferrite: biotite, salmon-colored, sometimes very cloudy: and 
volcanic glass in cellular network, often full of gas bubbles, elongated 
and distorted. In the ground-mass, globules of glass and fibres and 
threads of pumice largely predominate. 

The pumice in all these tuffs is not perfectly isotrope between the 
crossed nicols, but presents innumerable, though exceedingly minute 
glittering points, apparently crystallites formed by incipient devitrifica- 
tion. A few minute spherulites were also detected. 

5. Stratified Rhyolye-tuff, Tempiute, Nevada. 

A snow-white kaolinic variety, related to the preceding, which 
appears to consist principally of pumice. A few grains of black obsi- 
dian and red quartzite occur, the latter also as a somewhat rounded 
pebble, 34 mm. in length. 

The thin section, transverse to the schist-plane, presents an interest- 
ing structure, made up of granular layers alternating with others posses- 
‘sing strong fibration. 

The material of the former is mostly like that of No. 4: feldspar is 
sparsely scattered: quartz fragments abound, with the usual glass 
inclusions, and with sides deeply eroded and indented : also magnetite, 
ferrite, and minute colorless particles of a polarising mineral, perhaps 
Augite, in a predominant ground-mass of particles and fibres of pumice 
and glass, rich in dark gas-bubbles. 

The alternating fibrous laminz consist of a true rhyolyte material, 
salmon-brown, with a marked fluidal structure around the few quartz- 
grains, and displaying in spots, and especially next the junction with 
granular material, the constituent pumice-fibres whose partial interfu- 
sion or cohesion seems ordinarily to have produced the solid laminz. 

The arrangement of the glass fibres in parallel planes may have been 
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produced by sorting in the air during their fall, or by later superincum- 


bent pressure while still hot and plastic, or it may be in some instances _ 


by the influence of overflowing lava-sheets. The cohesion produced by 
such downward pressure and interfusion has produced a structure 
which can hardly be distinguished from that of many obsidians and 
rhyolytes. 

6. Fine white pumice-tuff, from mouth of Bill Williams’ fork of 
Colorado River, Arizona, 

A compact white schist, with almost the fine texture of No. 3, 
traversed in places by brown curved impressions, apparently produced 
by rootlets. 

The thin section mainly exhiiits a very finely felted mass of short, 
straight fibres of pale brownish pumice. Besides these only a very 
few black particles of magnetite, feldspar, etc., were distinguished. 

7. Fine brownish pumice-tuff, from last locality. 

A brownish variety of the preceding, with abundant minute black 
particles. The slaty lamination is decidedly marked, with slight 
adherence over many planes at which the rock breaks easily, presenting 
remarkably flat surfaces. 

The constitution displayed in the thin section is similar to that of the 
preceding specimen. Minute glass globules are abundant, and also 
more numerous angular particles of other minerals: colorless feldspar 
(sanidine ?) showing cleavage: brownish and greenish augite : brown- 
ish and dichroic fibres of hornblende, and black particles of magnetite. 

8. Stratified pumice-tuff, from Black Mountains, Colorado river, 
Arizona. 

A coarser stratified tuff with brown and white layers, in which 
grains of pumice, obsidian, glassy feldspar, and quartz reach a diameter 
of 1 to 5 mm. 

The thin section is rich in pumice in all its fibrous, curving, and 
reticulated forms, and in minute globules, threads, and shreds of vol- 
canic glass: angular grains of finely lamellated plagioclase, water-clear 
quartz, and sanidine with well marked cleavage and often zonal struc- 
ture: particles of biotite, hornblende, magnetite and ferrite: abundant 
grains of augite, angular to rounded, sometimes retaining its optical 
characteristics in spots, but mostly decomposed and isotrope, colorless, 
brownish-yellow, light to deep maroon, etc., finely granular, thready, or 
fibrous, and more or less darkened by opacite even to complete opacity. 

9. Basalt-tuff, or peperino, Chinati Mts., Texas. 

A fine-grained olive-green rock, with white streak, friable to arena- 
ceous, with barely perceptible schist structure in the specimen. Under 
the loup, minute granules of feldspar, quartz, etc., are distinguishable, 
rarely I mm. in diameter, embedded in a grayish-green cement. 
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In the thin section the constituents are very much the same as in 
No. 8, with the exception of hornblende, and all the grains are in large 
part rounded. A few elongated rounded grains of a basaltic lava are 
also included, highly microcrystalline with minute ledge of plagioclase 
scattered through a reddish-brown opaque base. 

This specimen, and perhaps the preceding, represent the basic 
division of the tuffs, being ejections from an eruption of basaltic lava, 
though naturally composed of its more fluid, glassy, and acid scoria. 

From these facts it may be concluded that enormous masses of vol- 
canic tuffs of widely varying character are dispersed throughout these 
regions in the West, to an extent which could hardly be appreciated 
from the meagre references in our present petrographical literature. 

In his discussion of the rhyolytes of the fortieth parallel, Zirkel re- 
marks : * 

‘The foregoing descriptions show in what abundance those fibrous bodies in 
which the fibres are not grouped radially around a centre, as in sphzerulites, but 
arranged axially along a longitudinal line, are disseminated through these rhyolites 

These axiolites usually consist of distinct, uniformly thin fibres, or of wedge- 
like particles.... We see in the arrangement of the fibres in these rhyolites four 
difterent types: @, centrally radial: 4, longitudinally axial: c, parallel: ¢, confused 
and orderless. The development of fibres is, indeed, a phenomenon very charac- 
teristic of rhyolites, etc., etc." 

A comparison of these facts with those presented in my examination 
of these tuffs, appears to me significant, not of the development of fibra- 
tion, etc., in a fused mass, but of the fragmental origin of at least many 
rhyolytes, obsidians, etc., as suggested in the study of No. 5. The 
evidences of the hot and plastic condition. of the fibres and drops of 
volcanic glass, with the occasional exception of a cooled outer shell, for 
along time after their fall, and of a tendency to the growth of micro- 
liths, sphzerulites, etc., within them, may offer another mode of origin 
for the formation of axiolites and spherulites. The anomalous pres- 
ence of augite in a quartzose rock like rhyolyte, to which Zirkel calls 
attention in the same passage, may also find explanation in the varied 
intermixture of minerals which prevails in many tuffs, rather than by 
indigenous development within an acid lava. 

Dr. NEWBERRY said that he had no doubt that Mr. Julien was quite 
correct in regard to the genesis of the peculiar rocks which he had 
described. He had collected the specimens and was able to supply 
some facts in regard to their mode of occurrence. They belong to a 
series of rocks, plainly volcanic, but of which the history has not been 
given by those who have studied the volcanic rocks of the West. The 
circumstances of their occurrence are briefly these: over a great belt 
not less than one thousand miles wide in some places, viz., from the, 


* U.S. Geol. Expl. goth Par., VI, Microsc. Petrog., pp. 201-205. 
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crest of the Sierra Nevada to the eastern foothills of the Rocky Mts., 
and with a north and south extension of thousands of miles in British 
Columbia, the United States and Mexico, we have an extraordinary 
display of the products of volcanic action. This is the great silver belt 
of the world, and is also rich in mines of gold, copper, lead, etc. 
Throughout all the Paleuzoic and Mesozoic ages this country was an 
unbroken, though not entirely unwarped, sub-marine or sub-aerial 
plateau, where the most continuous and extensive series of sedimen- 
tary rocks was deposited of which we have any knowledge. At the 
close of the Jurassic age the western portion of this region was folded 
up, to form the great chain of the Sierra Nevada and Cascade Mts., and 
along this line of fracture numerous volcanic vents were established, 
Lassen’s Butte, Mt. Shasta, Mt. Hood, Mt. Baker, etc., which have 
continued in intermittent activity to the present day. In Tertiary 
times the plateau east of the Sierra Nevada was broken up by a series - 
of north and south fractures, resulting in the formation of the remark- 
able system of meridional mountain ranges which constitute the chief 
topographical features of the district. These mountain ranges are 
composed of blocks of Paleozoic limestones and sandstones—now 
converted into marbles and quartzites—set up on edge or at a high 
angle,—- or of volcanic materials which have welled up through some of 
the fissures. Along the lines of fractures are great numbers of hot 
springs, the representatives of thousands more which existed in former 
days, and to which we owe the great system of fissure veins of this 
country :—hot water charged with mineral matter gradually depositing 
this and filling the channels through which it flowed. 

The volcanic rocks which have been poured out in so many places 
exhibit a great variety of physical and chemical characters, but have 
been grouped by RICHTHOFEN and ZIRKEL into five species—propy- 
lite, rhyolite, trachyte, andesite and basalt. Capt. DUTTON, who has 
given great attention to the volcanic rocks of the West, has distin- 
guished a larger number of kinds and has adopted a different classifi- 
cation. Aside from these massive rocks there is another group which 
constitutes a marked feature both in the topography and geology, and 
these are those which have been made the subject of Mr. JULIEN’S 
paper. They are generally soft in composition, often highly colored,— 
white, red, blue, green, gray or yellow—more commonly white, red or 
gray. They are often quite local and ‘usually occupy the lowlands, 
frequently underlying much of the level surface between the mountain 
ranges; and their best exposures are seen in the banks of streams 
which have cut these lowlands, There they are shown to be often hori- 
zontally bedded and sometimes interstratified with lacustrine sediments 
and sheets of basalt. Typical exposures of these rocks may be seen 
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at Eureka, Nevada, where houses and cellars are excavated in the soft 
material which forms the sides of the valley; at Challis, in the banks 
of Salmon River and Garden Creek, whence the specimens described 
by Mr. JULIEN came, and in the cafions of the Des Chutes and its 
tributaries in Oregon. 

Economically these rocks have considerable importance, as they are 
extensively used in place of fire-brick for lining lead-smelting furnaces, 
being very refractory, and easily dressed into shape with an old axe. 


The above section represents the filling of some of the fresh water lakes which formerly 
existed in Oregon just east of the great volcanic cones of the Cascade Mountains. Numbers 
1 and rz represent sheets of basalt, the even numbers softer tuffs and bed of diatomaceous 
earth, the odd numbers consolidated conglomerates of volcanic materials called ‘* concrete” 
in my notes, 

The study of a large number of outcrops of this series of rocks trom 
Southern Arizona to the Columbia River, has convinced me that they 
are generally volcanic ashes which have been washed down and more 
or less perfectly stratified in bodies cf water which formerly occupied 
the intervals between the mountain ranges of the great basin. On the 
Des Chutes a section of more than 1000 feet shows 25 alternations of 
strata, many of which are examples of the rocks in question. Here they 
are interstratified with beds of tripoli, composed of fresh-water 
diatoms, and layers of basalt. Some of the ash beds are almost entirely 
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composed of lapilli of soft cottony pumice, others are finer, grey, red, 
white, etc., and contain the trunks of coniferous trees, and in some in- 
stances are pierced with holes which represent the stems of upright 
plants, thickets of which were buried by the descending showers or 
rapidly accumulating sediment of volcanic ash. Here the source of the 
materials is to be sought in the line of great volcanic vents which 
crown the summit of the Cascade Mountains, and from which, at inter- 
vals, were emitted either floods of lava, poured down on to the plain 
along the eastern border of the range, or showers of ashes which, 
borne inland by the prevailing westerly winds, fell on forest, savannah 
and lake, temporarily destroying animal and vegetable life, and form- 
ing, when falling or washed into water basins, strata which alternate 
with fossil-beds, the accumulations of quieter times. In other places 
these tufaceous deposits were washed from all the highlands into the 
valleys, forming local masses of considerable thickness without the 
intercalated beds mentioned above. 

The accompanying section, copied from my report on the Geology of 
Northern California and Oregon (Pacific R. R. Report, Vol VI, 
Geology, p. 47), will illustrate the deposition of these tufaceous rocks 
in the lake basins where they are interstratified with the fossiliferous 


beds. 


Dec. 12, 1881. 


SEcTION OF GEOLOGY. 
The President, Dr. J. S. NEwBerry, in the Chair. 
Forty one persons present. 
Mr. N. L. Britton presented 
‘‘ ADDITIONAL NoTEs ON THE GEOLOGY OF STATEN ISLAND.”* 
Two wells have recently been sunk to a considerable depth on Statea 
Island, in the vicinity of Stapleton. One of these is on the property of 
Mr. J. J. Cisco, near the summit of the Serpentine hills ; the section 
as given by the Superintendent of the Pierce Well-boring Co., who 
sank it, is as follows : 
The well is six inches in diameter, and sufficient water was obtained 


to make it a success. 
The other well is at the pump-house of Bischoff’s Brewery, some 
500 feet east of the most eastern serpentine outcrop at the foot of the 


* These notes are supplementary to the paper on this subject read by Mr. Britton on 
April 4, 1881. (Ann, N. Y. Ac. Sci., II, 161.) 
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hills. This has now (Dec.tst) reached a total depth of 210 feet, and 
the boring is still unfinished. The section thus far has been as follows: 


Various kinds of tough hornblende schist, apparently 


’ As yet no gneiss nor granite has been reached. 

An outcrop of clay occurs near Clifton, about three-fourths of a mile 
south of the Forts, near the southern edge of the terminal moraine; it 
has been found, by borings made by Mr. Charles Townsend, in excava- 
tions for cellars, to be at least ten feet in thickness, and of a light color. 

The clay is probably of Cretaceous age, and if so, this is the most 
eastern point at which beds of that age are known on Staten Island. 

Mr. W. T. Davis has recently observed a large fossiliferous boulder 
of Schoharie Grit on the shore at Brighton Point. The fossils have 
been submitted to Dr. Newberry, and the following species identified :— 
Dailmanites anchiops; Orthoceras Pelops, Strophodonta hemispherica , 
Atrypa reticularis; Strophomena rhombotdalis; a Fenestella; and 
Zaphrentis prolifera. 

Glacial groovings have recently been noticed on the hornblende-rock 
which is exposed at tide-level on Brighton Point. Some of the grooves 
are at least one-quarter of an inch in depth, three inches wide and four 
feet long. Their bearing varies from N. 15° W. to N. 17° W. 


DISCUSSION. 

Prof. D. S. MARTIN considered the specimen of so-called hornblende 
schist from the well-boring, not to consist properly of that rock, but to 
be partly hydrated—apparently a less altered condition of the rock 
which higher up gives us the soft, semi-fibrous serpentine of the island. 

Dr. NEWBERRY regarded the serpentine of Staten Island as probably 
a pseudomorphous condition of hornblende slate. It differs consider- 
ably from the mottled serpentine of New York Island, which is “ verde 
antique”; that is, is composed partly of serpentine and partly of car- 
bonate of lime, and is scarcely distinguishable from the Moriah marble, 
which is quarried at Moriah, Thurman, etc., in the Adirondack region. 
It is a peculiar rock, and one of the connecting links between the rocks 
of New York Island and those of northern New York and Canada, 
Taken together, these afford strong indications of the Laurentian age 
of the New York Island and Staten Island crystalline rocks. 

Dr. Newberry further said that the accurate determination of the age 
of the rocks of New York Island, of Staten Island, and of those under- 
lying the drift of Long Island, was in the highest degree desirable and 
important ; and while he was satisfied that the former were Laurentian, 
and the latter Cretaceous, it was eminertly desirable that unquestion- 
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able proof should be found of this, if it is true. At present no positive 
assertions could be made, and the duty devolves on the geological 
members of the Academy to rid the subject of doubt. 

The fossils in the boulder referred to by Mr. Britton prove to have 
come from the Schoharie Grit. In its original condition this was a 
hard, compact blue limestone, but is here presented in a leached state, 
by the passage of waters containing carbonic acid, with a loss of its 
lime, color, and density. It was derived from northern New Jersey, to 
which locality a belt of this rock runs down from Schoharie county. 
Its transit by ice was effected without doubt through the valley of the 
Hackensack, which lies east of the Orange Mountains and west of the 
Palisades. This glacial movement is indicated by the direction of the 
striz observed by Mr. Britton, as well as of those in the. Hackensack 
valley. 

Mr. A. A. JULIEN recalled the results of his lithological examination 
of the serpentines both of Staten Island and of Hoboken, presented be- 
fore the Academy two years ago, in which it was shown that sections of 
all these rocks abounded in minute fragments of more or less altered 
amphibole. The conclusion then stated, that these serpentines must 
be certainly derived trom hornblende schist, was confirmed by the in- 
teresting discovery of the latter rock, both in well-boring and on 
Brighton Point. Serpentines of the same general character and origin 
occur frequently throughout New York and Westchester counties. 
The mineral serpentine is also found in small quantity as a vein-deposit, 
not pseudomorphous, like the main mass, but presenting an amorphous 
material with banded vein-structure, associated with magnesite, dolo- 
mite, etc.; e. g., the marmolite of Staten Island, a translucent green 
variety found at Hoboken, and also at West 6oth street on New York 
Island, etc. At all these localities the amphibole survives in a more or 
less altered condition ; e. g., the tremolitic talc schists and slaty tremo- 
litic serpentines of Staten Island and Hoboken, the hydrous antho- 
phyllyte and unaltered tremolyte rock of West 6oth street, New York, 
the tremolitic amphibolyte of New Rochelle and Rye, in Westchester 
county, etc. 

Mr. BRITTON confirmed the last remarks, by the statement that a 
stratum of material, strongly resembling the hydrous anthophyllyte of 
New York, had been struck at the bottom of one of the wells on Staten 
Island ; also that veins of mixed serpentine and calcite were observed 
at Stapleton, possessing a banded structure parallel to their walis. At 
that point the apparent thickness of the serpentine bed is 150 feet, but 
the crest of the hill is composed of talcose schist. 

Mr. W. LE CONTE STEVENS then read a paper on ‘“ THE MAM- 
MOTH CAVE OF KENTUCKY.” 
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He also exhibited specimens of the blind fish (Amdlyopsis spelaeus), 
and blind crawfish (Cambarus pelluctdus), and stereoscopic views of 
various points in the interior of the cave. 


(Abstract. ) 


At tke close of the Cincinnati meeting of the American Association 
for the Advancement of Science, in August last, he was one of a party 
of seventy-five members who visited the Mammoth Cave, remaining 
there two days, during which the greater part of the time was spent in 
exploration. He made no claim to new discoveries, but wished to call 
the attention of the Academy especially to recent observations, for the 
most part by Rev. H. C. Hovey, of New Haven, in regard to the tem- 
perature and structure of the cave. Mr. Hovey read a paper on this 
subject in Cincinnati, only a brief abstract of which has yet appeared 
in print, making use of a map, which is the first of its kind ever exhib- 
ited. The strictest precautions are observed by the authorities con- 
trolling the cave to prevent visitors from taking surveying instruments 
in with them: but the present manager, Mr. Francis Klett, has made 
a careful survey of the most interesting parts, and in time this will 
probably be given to the public, though possibly the scale of measure- 
ment may be witbheld. 

The central and right-hand portions of the map exhibited by Mr. 
Stevens had been enlarged by him from a copy of Mr. Klett’s map. 
The left-hand portion was drawn only from recollection of the localities 
traversed, and not to scale, being intended only to illustrate principles. 
The same remark applies to the vertical projection, the lettering of which 
corresponds with that of the horizontal projection. 

The temperature observations of Mr. Hovey were conducted with 
much care, and the very best instruments had been confided to him by 
the Director of the Winchester Observatory at New Haven. In 
August, 1881, while the external temperature at the neighboring hotel 
varied between go° F. and 100° F., at points farther than 100 yards 
within the cave, the reading of the thermometer was never more than 
56° nor less than 524°, the mean temperature being 54° for the 
summer months. At a point 1,000 yards within, a thermometer had 
been left for six months, including the autumn and winter, and daily 
visited by Mr. Klett, who reported the variation to be only from 54° 
down to 53°. The underground temperature in this latitude, for points 
60 or 70 feet below the surface, is usually assumed to be constant and 
about the same as the mean annual temperature above. According to 
Prof. Guyot’s maps, the isotherm of 60° passes about thirty miles 
south of the Memmoth Cave, while that of 50° passes about forty 
miles north of Cincinnati. The temperature of the Mammoth Cave is 
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fully 6° lower than has been commonly supposed, and may be taken as 
a fair representation of that of the crust of the earth in the country 
immediately surrounding it. 

Mr. Stevens exhibited a geological map of Kentucky, showing the 
area of sub-carboniferous limestone in which the Mammoth Cave is 
situated. This is overlaid with a thin stratum, mostly of sandstone, 
that is pierced by thousands of sink-holes, through which the surface 
drainage is carried down into limestone fissures and thus to the 
general drainage level of the Green River. This stream passes at the 
distance of less than a mile from the Cave Hotel, the floor of the latter 
being 312 feet above the water and 118 feet above the mouth of the 
cave. He briefly explained, with a diagram, the general mode of cave- 
production in limestone strata, showing that subterranean tunnels must 
be started by the solvent action of slightly acidulated rain-water, and 
subsequently enlarged by erosion, along the fissures in the limestone. 
These agencies are still at work in portions of the cave, and the whole 
of this limestone country is thus honey-combed with caverns. No 

tunnel can be thus formed at any point lower than the general drain- 
of age level, since there must be an exit for the saturated water. The 
production of the fissures is referable to the general upheaval of this 
fe! area at the close of the coal period: but, that there has been subsidence 
since the completion of much of the Mammoth Cave, is indicated by 
the fact that at its lowest parts to-day the floor is covered with water to 
the depth of thirty feet or more, having subterranean connection with 
Green River. The fissures intersect at various angles, but many of 
them are nearly or quite coincident with the dip of the strata, which 
is very gentle. Water passing through these forms the tunnels, while 
that passing through the vertical fissures scores out the pits which 
pierce them. The same pit, starting from a sink-hole at the surface, 
may have successively lower tunnels as exit passages. If the visitor 
encounters it while walking through the higher, and therefore older, 
tunnel, the upper part appears to him as a dome, the lower as a pit. 
The rate of erosion in the Mammoth Cave has been variable. The 
older parts are perfectly dry, and entirely free from stalagmitic deposits, 
indicating rapid erosion, followed by elevation, so as to deviate the 
water completely into other channels. In the newer parts the water is 
still dripping from the surface above, and depositing stalactites and 
stalagmites ; but as a whole the cave is by no means remarkable for 
these formations, being much surpassed in this respect by the neigh- 
boring White’s Cave, of more recent origin. Those which do occur are 
moreover deeply colored with iron, which exists in the soil in the form 
ot both oxide and sulphide. In the dry parts, the ceiling of the cave is 
more or less covered with efflorescent calcic, magnesic and sodic sul- 
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phates, which contrast with the iron-stained limestone, giving rise to: 
the beautiful effects that have conferred celebrity on the opening known 
as the Star Chamber, and the myriad rock flowers of Cleveland’s. 
Cabinet. 


Usatient 


The structure of the pits and domes was then illustrated with the aid. 
of the accompanying map, by describing a journey through the cave. 
From the hotel, (a, figures 1 and 2,) the visitor walks to its mouth (6), 
by the side of a shallow ravine, terminating in what was formerly a 
large sink-hole. The door of this fell through, about seventy years 
ago, producing the present mouth of the cave, and cutting off part of 
the gallery, now known as Dixon’s cave (¢), which opens out near the 
Green river, a half mile distant. A walk of 1000 yards brings him to 
the Great Rotunda (d), about 170 feet in diameter and 1oo feet high. 
It is immediately under the hotel, its roof being not more than 40 or 50 
feet from the surface. Besides the gallery, called the Narrows (0’), by 
which access has just been obtained, another tunnel from the further 
side terminates in the Rotunda, to which the name of Audubon’s. 
avenue (4") has been given. The large, almost hemispherical opening, . 
seems to have been cut out by the meeting of nearly opposite streams 
of water, which found exit, probably, through the main cave (¢). At 
some distance within Audubon’s avenue, a small opening in the floor is 
found, connecting it with the roof of the Mammoth Dome, a vast cavern 
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400 feet long, 100 feet wide and 250 feet high. These figures are of 
course only approximate, but it is believed that they are not exagger- 
ated. Into this cavern the water is still trickling, and stalagmites are 
forming with sufficient rapidity to have cemented firmly to the floor a 
lamp dropped in 1812 and found in 1843. Returning to the Rotunda 
and passing through a half mile or more of the main cave, the visitor 
reaches, at ¢’, a large fallen slab of limestone to which has been 
assigned the title of ‘‘ The Giant’s Coffin.” This makes the entrance 
to a side passage (g) which leads off to the lowest part of the present 
cave. The main cave forms an acute angle (/) and may be followed 
for several miles, terminating abruptly in a pile of rocks, where the 
roof has fallen in the same manner as at the terminus of Dixon’s cave. 
Many of its side passages and avenues are yet unexplored. 

Returning and entering the side passage near the Giant’s Coffin, the 
visitor passes obliquely beneath the main cave, starting upon what is 
known distinctively as the Long Route. At an expansion (A) are suc- 
cessive deposits of gravel, sand and clay, indicating the downward 
course of the water which was here partially arrested. Some distance 
further on, the passage forks (2). Keeping to the right, the dangerous 
Side Saddle Pit (4) is encountered, which measures 65 feet in depth and 
20 feet across. It is surmounted by Minerva’s Dome, 35 feet high. 
The pit yawns across the right half of the floor of the tunnel, leaving 
a narrow path on the left. A short distance beyond (7), the tunnel 
again forks. Keeping to the right as before, Gorin’s Dome (m) is 
reached, and may be viewed with the aid of magnesium lights, from a 
small opening on the side, ten feet above the pathway. The abysm ex- 
tends 117 feet downward, 100 feet upward and 60 feet across. Leaving 
this and passing the fork (7), the tunnel is completely interrupted by the 
so-called Bottomless Pit (#) across which a bridge has been laid, resting 
upon a ledge. Despite its ominous name it does not defy measurement, 
having been found to be 95 feet deep on one side of the ledge and 105 
feet on the other. Almost immediately overhead is Shelby’s Dome, 60 
feet high. Between the Bottomless Pit and the Side Saddle Pit are a 
pair of very large pits, discovered not a year ago by one of the guides, 
William Garvin, and examined for the first time last August by Mr. 
Hovey, who gave to them the names Scylla (fg) and Charybdis (@) on 
account of the narrow, rugged passage which separates them and the 
great difficulty and danger of access. By timing the fall of pebbles into 
the water at the bottom, the depth of each was ascertained.to be about 
200 feet. Charybdis was seen to be directly connected with the Bot- 
tomless Pit. Indeed the latter may be regarded as only a part of 
Charybdis, its depth, 105 feet, being that of a jutting ledge, or the floor 
upon which water ceased to fall after being slightly deviated into 
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‘Charybdis, where the sound of its trickling is still audible. Shelby’s 
Dome is simply the upward continuation of this combined pit. So nar- 
row, moreover, are the ridges separating Scylla from Charybdis on the 
one side and from the Covered Pit, (7), on the other, and so small is the 
distance to the Side Saddle Pit (4), that it seems in the highest degree 
probable that this group of pits compose merely the upper branches 
of a single large pit into which they are all united, or at least directly 
connected before the bottom is reached, and the small relative depth of 
the Side Saddle Pit is explicable in the same manner as that of the Bot- 
tomless Pit. Such an extraordinary group of pits, forming an appar- 
ent nucleus of cave drainage, might be expected to have its counterpart in 
an unusually large depression, or- group of sink-holes, at the surface. 
Impressed with this idea, Mr. Hovey found in the woods, scarcely half 
a mile from the Hotel, in the known direction of these pits, a depression 
(/ Fig. 2.), many acres in extent, and so deep that from its edge he 
could overlook the tops of the pine trees that rdse from the middle. 

Leaving this region of pits and domes, the route leads still downward, 
passing again under the main cave through the narrow tortuous chan- 
nel known as “ Fat Man’s Misery” (s) where the distance from floor to 
roof is in many places not more than three feet. Through the floor a 
winding passage has been worn away, varying in width and depth from 
one to three feet. This terminates in a chamber which has received 
the appropriate name of ‘Great Relief,’’ where the succession of 
pebbles, gravel, sand and fine clay again records the work of erosion 
and deposit. This bed is not more than 50 or 60 feet above the 
drainage level, and from here down to the River Styx, the ground 
becomes more or less damp. A succession of bodies of water 
are then encountered, including the tubular Echo River, which is 
nav:gated in boats. It is a part of the tunnel which has subsided 
below the water level, and is in connection with Green River, being 
filled to within a few feet of the roof in summer, and completely 
closed in winter when the Green River rises. The column of air be- 
tween the water and the impervious roof, closed everywhere except at 
the two ends, which are three-fourths of a mile apart, serves as a 
resonator for any note within the range of the human voice, and mul- 
tiple echoes gliding imperceptibly into each other, continue to be re- 
turned for many seconds after the voice has been hushed. 

Beyond Echo River, the cave may be followed with continual ascent, 
through S'lliman’s Avenue, the Pass of El Ghor and Cleveland’s Cab- 
inet, for about five and a half miles. A pile of jagged rocks, 100 feet 
high, is then surmounted and the wearied climber is confronted with a 
large cavern, 100 feet wide-and 70 feet deep, where three short 
branches have united in one tunnel. Following the left branch for a 
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few yards, a hall is found, in the floor of which is a pit 175 feet deep. 
The corresponding dome overhead is scarcely noticeable as such, tor 
the surface of the ground is not more than 30 or 40 feet distant. The 
end of the Long Route has been reached. 

In returning, the passage through Fat Man’s Misery is avoided, and 


nearly two miles of walking are saved by climbing through a very . 


steep, narrow, winding ‘‘ Corkscrew” pass (¢, Fig. 2), starting from the 
neighborhood of Great Relief and terminating at the side of the Great 
Rotunda. The vertical ascent is about 140 feet. To even stout- 
hearted mountaineers, if stout-bodied also, this Corkscrew is an in- 
tensified Fat Man’s Misery, and upon them it rarely fails to leave 
strong and deep impressions, which may be of more kinds than one. 
In regard to the animal life of the Mammoth Cave, conflicting 
opinions have been expressed by those who have made a special study 
of this subject. The bats, lizards and rats that have been found can- 
not be strictly called cave-dwellers, as they are always at points not so 
far removed from the outer light as to make this inaccessible. ‘he 
cave crickets and blind crawfish have particularly long antennae and 


acute powers of hearing. Most of the crawfish are pale in color,. 


some of them almost white; and this feature has been attributed to 
the continued absence of light. Crawfish, however, with well developed 
eyes and of dark color have been often found. These are without 
doubt either wanderers from Green River or the immediate descendants 


of such; and many generations of cave-dwelling are required to bring” 


about such changes as have caused the application of a specific name, 
Cambarus pelluctdus, to the white variety with only rudimentary 
eyes. 

In regard to the blind fish it is a significant fact that the rudimentary 
eyes of the young are apparently less atrophied than those of the 
mature fish. Although to these cave-dwellers also a specific name, 
Amblyopsis spelaeus, has been given, they are by no means the only fish 
found amid this stygian darkness. The existence of fish with perfect 
eyes, apparently prospering where eyes are useless, shows how much 
less dependent these creatures are than more highly organized verte- 
brates upon approximate uniformity in external conditions. To those 


who have already accepted evolution, there is far less difficulty in. 


believing that the colorless blind fish are the modified descendants of 
dark-colored ancestors with perfect eyes, which have wandered from 
Green River into Echo River, than in concluding that they have always 
constituted a separate species, as held by Prof. L. Agassiz, and subse- 
quently contended by Prof. F. W. Putnam.* Nevertheless, Prof 
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(A. spelaeus) and their nearest living congeners are much more tha 
in respect to mere color of skin and power of vision. Whether the 
internal anatomical differences on which he reasonably lays much stress 
can be proven to be a natural result of the external conditions imposed ° 
by cave life, is a question which, if settled at all, must be settled by 
zoologists alone. Prof. A. S. Packard, jr., and Prof. E. D. Cope are as 
pronounced in their opinion that the blind fish have been evolved from 
fresh-water ancestors possessing good vision, as is Prof. Putnam in the 
opinion that their ancestry were denizens of salt or brackish water, with 
which he believes that the cave was supplied at a time when this region 
was a Salt or brackish water estuary. Prof. Putnam therefore con- 
cludes that the blindness of these fish is in no respect a consequence of 
subterranean life. 


DISCUSSION. 

Mr. BRITTON inquired whether any flora existed in the cave, 

Mr. STEVENS replied that, so far as he was aware, no kind of vege- 
tation had ever been found within it. 

Dr. NEWBERRY remarked on the geology of the region adjacent to. 
the Mammoth Cave. The limestone beds of this high table-land are 
jointed in the manner common to rocks, apparently by some sort of 
polarisation, producing fissures which run in a north and south, and an 
east and west, direction. The plateau is about 500 feet above the 
drainage, part of the drainage passing into the Green River, and part 
into the Ohio. No streams occur on the surface and the drainage is 
quite gradual. At the angle between these two rivers several streams 
are seen, bursting out of the cliffs at various heights above the Ohio; 
they are, so to speak, subterranean sewers, representing the under- 
ground drainage of the country ; at one point three such streams pour- 
ing out of the rock form very beautiful cascades ; and near Sandusky 
a full grown river flows out of the cliff of cavernous limestone. The 
beds consist of lower carboniferous limestone, with sandy layers beneath, 
In the vicinity occur portions of the great “blue grass region,” one of 
the oldest parts of the continent, once an extensive highland, forming 
an island in the sea. Around this, rims of sediments were deposited, 
consisting of sandstones and limestones; while on the other hand, the 
continuous process of erosion, during the lapse of a vast period, re- 
moved the material of the table-land within, and converted it into a 
broad depression or basin, the “ blue grass region,” above which the 
present plateau of the encircling sediments now rises to a height of 5co 
feet. 

The erosion of the joints in this plateau has resulted in the forma- 
tion of the pits described by Mr. Stevens, but it is probable that some 
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of these may reach 200 or 300 feet below the Ohio and Green Rivers. 
There is evidence, from borings in the Delta of the Mississippi, etc., 
that the continent was formerly more elevated, standing 500 to 600 
feet higher at New Orleans than at present; the drainage was much 
freer, the Mississippi being a free flowing stream, as well as the Ohio 
and other tributaries. Borings have been sunk in the present trough of 
the Ohio river, to a depth of over 100 feet below its present bottom, 
without reaching the true bottom of the trough, the ancient bed of the 
river, which is perhaps from 100 to 200 feet further down. ° 

Evidences of the same elevation of the continent were observed in 
caves on an island in Lake Erie. Long stalactites projected from the 
roof of a gallery whose end was ordinarily filled with water at the 
present level of the lake. At times astrong and steady wind has blown 
down the level of the lake and partially drained this gallery ; but even 
then a guide, John Brown, resident on the island, has swum through 
the gallery and found the stalactites projecting from the roof as far as 
he could go. 

In regard to the origin of the blind animals, the view of Prof. Cope is 
probably correct, that they have been derived from the degeneracy of 
ancestors that once had perfect eyes. No fish is formed with poor eyes ; 
but any organ may be atrophied by disuse, with consequent feeble flow 
of blood, decreased nutrition, and inevitable shrinking of important parts. 
An analogy is shown in a comparison of the jaws of prehistoric and 
modern men. At present our “ wisdom teeth” are useless, there is 
no room for them in the shortened under-jaw; our food being softened 
by cooking, cut up, and boneless, requires less vigorous mastication ; 
and from disuse, and the consequently insufficient development, these 
teeth often speedily fall away. In the prehistoric man, on the contrary, 
the jaws were longer, roomier, supplied with more teeth—the “wisdom 
teeth” being well developed and kept in strength by constant use on 
coarse and rough food. The absence of the well-known stimulation 
produced by light, from the dark waters within the Mammoth Cave, has 
in the same way resulted in the atrophy of the organs of sight. 

Mr. STEVENS remarked in confirmation of this view, on the observa- 
tion, first announced by Dr. Tellkampf, that the old fish found in the 
Cave have only rudimentary eyes, while in the young the eyes are simply 
imperfect, 2. ¢., the conditions tend to produce a reversion. 

Dr. I. P. TRIMBLE referred to his visits to the Mammoth Cave and 
its vicinity, the absence of fatigue in traveling within the Cave, and the 
occurrence of bats clinging to the walls at a point three-quarters of a 
mile from the entrance. He inquired concerning the condition of the 
eyes in the bats and crickets within the Cave. 

MR. STEVENS replied that both species had eyes, externally and 
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apparently perfect. However, the antenne of the crickets were remark- 
ably long, and seemed to guide them more than their eyes. He related 
Observations made by Prof. Putnam on the crickets, and also on the 
crawfish from the Cave, shut up in an aquarium, which seem to indicate 
that they judge of their food more by touch than by sight. 

Dr. NEWBERRY had observed in an old Spanish mine in New Mex- 
ico, millions of bats clinging to the rock, many of them with their 
young, at a point several hundred yards from the entrance. In all 
cases such denizens of caves find ready access to the exterior atmos- 
phere through the crevices and galleries. 

MR. STEVENS had observed bats at the same distance from the 
entrance as noted by Dr. Trimble. In regard to the absence of fatigue 
in traveling underground, he had found a walk of thirty miles had 
caused no more exhaustion than one of ten miles on the surface; this 
was probably due to the purity, coolness and dryness of the atmos- 


here. 
Mr. BRITTON stated that a Natural Science Association had 


recently been formed on Staten Island, having for its particular object 
the collection and diffusion of information on all subjects relating to the 
Natural History of the Island, and the formation of a cabinet illustra- 
tive of its natural products. The meetings are held at New Brighton 
on the second Saturday of each month. The officers of the Associa- 


tion are: 


Corresponding Secretary,.....  .. Arthur Hollick. 

Recording Secretary, Charles W. Leng. 


"The address of the Corresponding Secretary is at Port Richmond. 


December 19, 1881. 
SECTION OF PuysIcs. 
Vice-president, Dr. B. N. Martin, in the Chair. 
Thirty persons present. 
A specimen of acicular hornblende in quartz was exhibited by 

Mr. W. L. CHAMBERLAIN. 

. The following paper was read by Prof. W. P. TROWBRIDGE: 

ON THE DETERMINATION OF THE HEATING SURFACE REQUIRED IN 
STEAM PIPES EMPLOYED TO PRODUCE ANY REQUIRED DIS- 
CHARGE OF AIR THROUGH VENTILATING CHIMNEYS. 

To ventilate a room properly requires the frequent removal ot vitiated 
air and the introduction of fresh or pure air, the quantity, by weight, 
of the air introduced and rejected being equal in a given time, 
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i ‘ If the process be continuous, and the proper amount of air be ad- 
mitted and removed every hour or minute, the only other requirements 
are that the entering air shall be pure, that it shall be properly warmed 
in cold weather, either before it enters the room or by the mixture and 
diffusion of warm and cold air in the room; and that the introduction 
and removal of air shall take place by gentle or inappreciable currents 
in such a manner that the pure air may be thoroughly diffused through- 
out the room before it is removc d. 

These simple rules are easily sta‘ed and comprehended. It is also 
well understood that to produce a movement of air requires force in 
proportion to the mass moved and the velocity imparted to it. 

The problems which arise in ventilation consist mainly in determining 
the position, arrangement and sizes of the passages through which the 
air enters and leives, and the proper adaptation of these passages to 
the forces which produce the movement. 

On the correct solution of these problems, too often misapplied or 
misunderstood, successful ventilation depends. 

The various modes of producing the movement of air for ventilation 
are: 

First.—Ventilating chimneys or flues in which the movement is 
causeil by the difference in weight between the heated air in the flue 
and the cool-r air outside. This requires that the air before entering 
the flue shall be warmed, and the heat necessary may be that due to 
the heat of the room when fires are necessary for warmth ; or the heat 
may be imparted by stoves in the base of the flues, by gas jets, or by 
steam-heated pipes. 

Second.—The movement may be produced by fans or blowers or by 
steam jets - the latter being seldom applied. 

The object of this paper is to investigate the laws which govern the 
ventilation when the air is heated at the base of the flues by steam 
pipes, the air in its passage to the flue receiving heat by its contact with 
the exterior surface of the pipes. As far as I am informed these laws 
have not heretofore been developed, and, as this system is a very 
simple one, capable of very extended applications, it is hoped that the 
following analysis may at least lead to a full discussion of the subject : 

Let it be supposed that the air in a room is to be renewed at the 
rate of (W) lbs per second. Suppose also that it is to be rejected 
through a flue whose cross-section in square feet is (A), and height 
in feet (H). And that it is to be heated by steam coils whose aggregate 
exterior surface in square feet is (S) 

The following notations will be used : 

W. Weight of air removed per second (Ibs). 

H. Height of flue in feet. 
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S. Exterior surface of steam pipes (sq. teet). 

A. Area of cross-section of flue (or flues). 

T,. Absolute temperature of external air (found by adding to the 
thermometric temp. Fahr. the number 459.4). 

T,. Absolute temperature of air in the flue. 

T,. Absolute temperature of steam in the pipes. 

D,. Weight in lbs. of a cubic foot of the external air. 

D,. Weight in lbs. of a cubic foot of the flue air. 

V'. The theoretical velocity of the air in the flue. 

V. The actual velocity. 

r. The rate in units of heat per hour, per square foot of the surface 
(S) (and for each degree difference between T, and T,) at which the 
air receives heat from the pipes. 

k& A coefficient of loss of velocity such that A2V=V’. 

p The unbalanced pressure (upward) due to the difference of weight 
between the column of air in the flue and a corresponding column of 
external air. 

Then, 
~=H.D,—H D, or p=H (D,-D,) (1) 

This pressure may be represented by the weight of a column of flue 
air of a height— 

H (D. D,) 
and the velocity in the flue will be found from the expression 


(2) 


ag Dd, 
or, v= (4 


But from the Mariotte-Gay-Lussac law we have— 


or (6) 
substituting this value of D, in formula (4) there results— 

Ven 


In this expression the theoretical velocity of flow is expressed in 
terms of the height of the flue and the absolute temperatures of the 
flue air and the external air. From formula (7) we have— 

= 2g H x (8) 

The quantity of heat transferred to the air may be represented by 

¢=W.e.(T,-T) 
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in which ¢ represents the quantity of heat in units of heat per second, 
and ¢ the specific heat of air at constant pressure (¢ = 0,238.) 

All of the above formulas are well known. The following are 
believed to be new: 

The quantity of heat imparted to the air may also be represented 


by ¢’= S0.7—7y in which is the quantity of heat imparted per 


3 
second, and as from the nature of the problem 9 = ¢’ we have 
or 7,-7,= (11) 


combining this equation with (8) we have-— 

T, 

ag (3) 
3600 

This expression gives the total heating surface in the pipes in terms 
of the velocity, the height of the flue, the weight of air discharged per 
second, aud the absolute temperature of the external air. 

If we substitute for: V’ its value in terms of V, the actual velocity, 
we have— 


and S= 


K? V? W.e. T, 
3600 
and others BF. A; 
ag H. r.(T, — Ty) 
3600 


another expression for 

These two expressions exhibit the laws of the movement of the air, 
giving the quantity of heating surface required under any special con- 
ditions of area and height of flue, temperature of external air, and 
velocity of discharge. 

The constant (7) may be found approximately from the experiments 
of Mr. C. B. Richards, made at Colts Arms Co., of Hartford. The 
constant K depends upon the frictional resistange which the air 
encounters in its passage into and through the flues. The velocity V 
may be assumed, and should not be greater than four or five feet per 
second, The smaller the velocity and the larger the flues, the less will 
be tne required heating surface, and the greater the economy of the 
apparatus for ventilation. 
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The following paper was read by Prof. H. L. FAIRCHILD: 


ON A PECULIAR COAL-LIKE TRANSFORMATION OF PEAT, RECENTLY 
DISCOVERED AT SCRANTON, PENN. 


The material which we shall notice this evening has naturally been 
regarded, on account of its associations, as illustrating in some degree 
the formation of coal. A brief description of that alteration of peat 
which has resulted in the formation of coal, is therefore desirable. 

Peat results from decomposition of vegetable matter under water. 
The latter excludes the atmosphere and largely prevents the oxidation, 
which removes the vegetable debris on the upland, and which if rapid 
we call combustion, or if slow, decay. In northern regions peat-swamp 
vegetation is commonly a sort of moss (Sphagnum) which grows upward 
as it dies below. Great peat deposits are also produced in lower 
latitudes from the debris of forest trees. The great Dismal Swamp is 
a fine example, and in the Hackensack and Newark meadows we have 
examples of peat-formations of great depth, produced by the slow 
subsidence of the region and the accumulation of salt-marsh vege- 
tation. 

In former geological ages, immense peat deposits were produced in 
the vast lowlands along the borders of the continents, or at the deltas 
of the ancient rivers. These great swamps were frequently submerged 
in the sea and deeply buried beneath mud and sand. This event occur- 
red perhaps many times in a single locality. The buried peat slowly 
deccmposed. Much of the hydrogen and oxygen of the vegetable 
tissue, and some of the carbon, were eliminated. The remainder was 
consolidated by the weight of the superincumbent strata, and the 
result is bituminous coal. Thus we have the six to twenty coal beds of 
Pennsylvania, or the one hundred coal-seams of Nova Scotia. 

The evidence that our coals are primarily formed in this manner is 
abundant, clear and incontrovertible: Few subjects are by our induc- 
tive science more definitely settled than this. We find these buried 
vegetable deposits in every stage of decomposition and alteration. 
Where the containing rocks are undisturbed, lying in their original 
positions, the coal contains a large proportion of volatile matter, and: 
is bituminous. But where the rocks are dislocated and folded the coal 
is, by the pressure and heat, changed to anthracite or perhaps to 
graphite. The proportion of fixed carbon, or the degree of alteration, 
is always proport‘onate to the amount of disturbance which the asso- 
ciated rocks have suffered. Hence anthracite coal is a metamorphosed 
coal, just as marble is metamorphosed limestone, or quartzyte is meta- 
morphosed sandstone. The metamorphism of coal is still going on. 
The escape of the volatile matter, in which the change consists, is 
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observed in the mines, in the production of the explosive “ fire-damp,” 
and the poisonous “ choke-damp.” 

Running from cellulose through wood, peat, and coals up to graphite 
we have a complete series ; the difference being the loss of hydrogen, 
oxygen and in a less degree of carbon. This table, after LeConte, 
exhibits the proportions of the elements dy wezgh?, the carbon being 


reduced to a fixed quantity : 
Carbon. Hydrogen. Oxygen. 


100 12.18 83.07 


Anthracite coal, it will be seen contains a very small proportion of 
volatile matter, and graphite none at all. No two specimens of coal 
from different beds or areas are likely to yield upon analysis exactly 
the same results. This is due to differences in degree and manner of 
decomposition, the varying degree of metamorphism, the varying im- 
purities, and perhaps a difference in the kind of vegetation. Anthra- 
cite coal naturally contains. more ash than bituminous, because it is 
more concentrated, and of course peat has the least proportion of ash, 
simply derived from the inorganic matter of the plant. 

The substance to be described was found in a peat-bog in the city of 
Scranton during the past summer. It has received attention from the 
newspaper and scientific people of the eastern coal region of Pennsyl- 
vania; and has been recently mentioned in the Am. Jour. of Science 
for Dec. by a quotation from a letter of a Scranton gentleman to the 
Engineering and Mining Journal. 

Scranton lies in the midst of the Lackawanna anthracite coal-basin, 
which forms the northern half of the Wyoming basin. Since the 
financial panic of 1872 the city has grown but slowly, and a swamp 
lying in the midst of the city.had remained unoccupied, except as an 
old dumping-ground for cinders from the furnaces. The city having 
been lately made the county-seat of the newly created Lackawanna 
county, this swamp was selected as the site for a court-house. In ex- 
cavating for the foundations there was found a bed of excellent peat, 10 
to 14 feet deep. I visited the excavation and collected specimens from 
depths of 3, 5, 8, and 13 feet. These specimens, of which a series are 
before you, were, of course, when fresh and saturated with water 
several times their present bulk. 

The peat from the greatest depth was highly decomposed, or very 
“ripe.” It was fine-grained, close in texture, and although soft held 
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its shape well, cutting like cheese. The color, when freshly cut, was a 
yellowish-brown, but changed rapidly to a dark-brown, almost black, 
in a few minutes. Upon drying, the color becomes a lighter or gray- 
ish-brown. The rock below the ripe peat is a clayey sand. This is 
somewhat impervious to water ; but it is likely that beneath it is a more 
clayey bed which originally held the water and occasioned the swamp. 

In the midst of the ripe peat, termed muck in the letter above men- 
tioned, there was found, at various times and at different places, in 
excavating for the division walls, a substance resembling to the eye a 
bright coal—anthracite if you please. This did not occur in beds or 
layers, or in any apparent regular manner, but in irregular scattered or 
branching masses. You will observe in these dried specimens how 
intimately the coal-like matter and the ordinary peat are mingled. The 
two kinds cannot be separated, and it is with difficulty that the dried 
material can be gotten entirely pure for purposes of analysis. It shrinks 
upon drying, to a greater degree than the unchanged peat. Masses 
which I thought would afford fair-sized dry samples have nearly disap- 
peared. The fresh material has been described as a tough jelly, which 
is perhaps a fair description. It was somewhat elastic, like a mass of 
soft india-rubber, but would break before bending greatly. I should 
compare it to a very firm but brittle jelly. The fracture had the 
lustre of a true coal, and in the dried state the resemblance is perfect. 
Being found in the midst of an anthracite basin, unscientific people 
naturally supposed from its associations that whatever bearings it 
might have upon coal would relate to anthracite coal, not knowing, or 
not remembering, that anthracite is a metamorphic coal. 

Mr. N. L. BRITTON, Geological assistant at the School of Mines, 
New York, has made approximate analyses of this altered peat, from 
material which I carefuly selected ; also of the peat contiguous to the 
transformed matter (within the distance of an inch); and of the ripe 
peat from a depth of 13 feet in another part of the excavation. The 
analyses are of thoroughly and equally dried samples, and afford the 
following percentages : 


Moisture at | Volatile Fixed | Ash 
Cent. | Matter. | Carbon. | 
| 
| 6.295 63.875 | 4.625 | 25.275' 
2., Peat adjacent to 9..........ccercesecs 2.775 22.125 4-625 69.475 
3. Transformed 11.350 52.800 | 24.725 11.125. 
4. Transformed Peat. .......0sceocee.- | 66.758 9.826 | 4.012 | 19.404 


Number 4 is by the Pennsylvania State Chemist, as published in the 
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American Journal of Science. The moisture is taken at 212° Fahr., 
and the analysis is evidently of the fresh material. 

To obtain a fairer comparison, and if not strictly accurate, yet suffic- 
iently so for our purpose, I have computed the percentages with the 
moisture eliminated. 


Volatil Fixed 

Matter. | Carbon. Ash. 
than 68.115 4-932 | 26.953 (White 
3. Transformed Peat..... -.| 59.560 27.891 | 12.549 (Pink) 
4 ‘« (State Chemist)... -| 29.559 12.069 | 58.372 
Bituminous 30. to 60. | 40. to 70, 3 to6 


From this table it will be seen that the composition of the transformed 
peat, number three, is about that of a very “fat” bituminous coal, that 
is, one containing a large proportion of volatile combustible matter, 
such as are desired for making gas. In number four, the volatile matter 
and the fixed carbon have nearly the same proportion to each other. 

The very large amount of ash in these samples is to be expected, on 
account of the small size of the peat-swamp, which allowed much inor- 
ganic matter to be blown or washed in over the whole surface. But 
the varying amount of ash would indicate that the peculiar physical 
character of the peat was not due to the amount of inorganic matter. 
The ash of numbers one and two was white, while that of number three 
was decidedly pink. This color probably indicates iron; which may 
possibly afford a clue to the cause of the transformation. The presence 
of considerable iron either inherent in the mass itself, or derived from 
the surrounding mass by something like concretionary action, would 
probably hasten the decomposition ; bearing upon this point, the large 
amount of inorganic matter without iron in the peat contiguous to the 
transformed peat is remarkable. The physical characteristics are un- 
.doubtedly due to the finely divided state of the carbon, mingled with 
‘the water and volatile matter. But, however produced, we have here 
‘something that is apparently coal, in the midst of peat that is not yet 
coal, 

Except as this substance illustrates a degree or phase of peat decom- 
position, it is not likely to have any bearing on the formation of coal. 
The decomposition of a buried peat-bed under great pressure probably 
involves the whole mass at the same time, and does not proceed by the 
expansion of such centres of decomposition as are here found. 

Samples have been placed in the hands of Mr. Spencer B. Newberry, 
of Cornell University, who is making a full chemical examination. 
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Dr. L. ELSBERG then said that some 20 years ago he was engaged ik’, 9! 1 
experiments on the subject of converting peat into coal by a more rapid \< - Aansas - s/ 


process than that occuring in nature. He found that moisture, heat 
and pressure were, as he supposed, the elements which, together with 
time, na ture had employed; and these three factors could and can be 
used really to make a very good coal. On some future occasion he 
would bring specimens of the manufactured coal and of various kinds 
of coal to the Academy, and give an account of these experiments and 
the methods. For a long time his experiments were futile, because it 
was impossible to make a machine of iron or steel strong enough to 
withstand the pressure which must be applied to the prepared pulp to 
reduce it to coal. By the action of super-heated steam, peat is con- 
verted into a perfectly homogeneous pulp. By passage of this through 
any of the ordinary compressing machines used for making bricks, etc., 
blocks or cylinders are obtained of a substance which, so far as its 
economic uses are concerned, is not inferior to most qualities of 
bituminous coal, for gas or fuel. Every effort was made to render the 
bore perfectly smooth and polished in the cylinder from which the peat 
was finally pressed out, and for this purpose even glass and porcelain 
‘were employed. However, the peat was found to be so impalpable that 
it was forced into the microscopic pores of the metal, and even of 
porcelain and glass. The peat thus inserted itself in the finest possible 
particles, which acted like wedges, chipping off small pieces from the 
interior of the cylinder. No matter how fine and smooth the bore of 
the cylinder was made, after very beautiful working for a few days, 
gradually this material would insert itself in the microscopical inter- 
stices of the metal, until gradually the working of the machine was 
stopped or an explosion ensued. A great many trials were made and 
much money spent, and finally the enterprise was given up. 

Mr. A. A, JULIEN remarked upon the voluminous literature con- 
nected with the study of peat, and the widely varying results, notwith- 
standing the enormous amount of labor that has been expended. The 
study of this material has been approached by investigators from two 
economic points of view; its relations to agriculture, and its employ- 
ment as fuel. In investigations of the former class the larger number 
of analyses have been ultimate—z. ¢., to determine the carbon, oxygen, 
hydrogen, nitrogen, etc., which make up peat and its allied products. 
This gives very conflicting results ; the slightest possible change in the 
amount of water, the oxidation or dissociation of the material, even 
while during analysis, yielding very'different results even in the hands 
of a single investigator. The other method is approximate, simply in- 
tended for the estimate of the value of coal or peat as applied to the 
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purposes of fuel, and is that represented in the analysis of Mr. Britton. 
Such analysis, however, can throw but little light on the origin of the 
substance ; organic acid seems to be further indicated by the red ash 
derived from the coal-like substance (Analysis No. 3), the white ash of 
the enclosing peat showing the residue of silica and alumina insoluble 
in the humous acids. 

Further, the physical characteristics of the substance described by 

Prof. Fairchild, its brittle jelly-like character while moist, and extreme 
shrinkage on drying to bright coal-like brittle flakes, are identical with 
those of apocrenic, humic and other organic acids. These considera- 
tions render it highly probable that this substance has been produced 
within the peat at Scranton merely by the leaching out of the upper 
portions of the bog and the concentration of soluble salts of organic 
acids, in part crenates, along certain planes and in small cavities 
within the denser part of the peat toward the bottom of the bog. 
There is as yet no evidence, however, that these facts have any impor- 
tant connection with the formation of bituminous coal, much less with 
that of anthracite, represented by these specimens. A third method 
of the examination of peat is founded upon the determination of its. 
proximate constituents or compounds, both these of amorphous char- 
acter and various organic acids. From insufficient knowledge of the 
exact constitution and nature of these acids, especially in their various. 
hydrated forms, the method is very difficult and has thus far had but 
limited application. Only such a mode of examination can throw light 
upon the character of the bright jelly-like substance in the Scranton 
peat. 
Some statements by Prof. Fairchild, however, give a clue to its 
identity. He has mentioned a rapid change of color in specimens of 
the peat taken from a depth of thirteen feet, the yellowish-brown color 
of the surface becoming blackish brown in a few moments while being 
handled. This seems to indicate not the trifling change produced by 
drying, but the characteristic reaction of crenic acid, well known to. 
chemists by its immediate oxidation and partial conversion into apocre- 
nic acid. This affects not only the acid but its ordinary salts, e g., 
those of iron, and has been observed both in its artificial product in the 
laboratory, and in nature, in the deposit cf iron crenate beneath peat 
bogs and from the waters of many springs. 

Prof. D. S. MARTIN called attention to the resemblance of the lighter 
colored and solid variety of this peat to the darker variety of the 
“turba” of Brazil. In the latter he had also observed thin seams of 
a black bituminous substance looking much like that which occurs in 
this peat. 

The subject was further discussed by Prof. Hubbard and Mr. Parsons, 
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